


Safety Statement

The demonstrations performed today involve chemicals in active chemical
reactions. They have all been developed, tested and published by professionals
in the Chemistry Education Field. We have performed them repeatedly without
Incident though we want to mention that outcomes can be unpredictable.

If you have pre-existing respiratory conditions, known allergic reactions to
chemicals, are sensitive to loud noises, or if you are ssmply concerned, you may
consider sitting near the rear of the classroom, closer to the outdoor ventilation

Thisseminar is offered as information only. No warranty, representation, or
guarantee is made by the instructors as to the accuracy or sufficiency of the
Information offered during this seminar. Any references to laws and regulations
must be verified in appropriate legal reference sources before use out in the field.

Do not attempt any of these demonstrations on your own based on information
gathered during this seminar. There must be extensive education, research,
testing, and practice done before attempting to perform any of these
demonstrations.

Per Proposition 65, note that some of the flammable and combustible liquids used
today are known by the State of Californiato cause cancer, birth defects or other
reproductive harm.
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o “Good judgement

| " proceeds from

||" clear understanding,

clear understanding

‘Ficomes from

reason derived from
sound rules,

and sound rules are
the daughters of
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fission (splitting atomic nuclel)
fusion (smashing H to make He)
detonation  (high explosives)

deflagration (low explosives)
mechanical pressurized container failure

Caused by a physical change

 Many types;
nuclear :

chemical:







/mplosion
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Cryogenics

e Liquefied Refrigerated gases with
. | boiling points less than -130°F

Helium -452°F Nitrogen
321°F

Oxygen -291°F Hydrogen
423°F
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Flourine
Oxygen
Hydrogen
Helium
Nitrogen
LNG
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Cryogenics

e Liquefied Refrigerated gases with
. | boiling points less than -130°F

= Hellum -452°F [Nitrogen J
5 321°F |

' (Oxygen - Hydrogen -
4 —423°F /




Physical Form

x Surface Area

- extremely important to
consider

e very finely divided particles
e sawdust, grain dust, flour,

m
coal dust
A I * not regulated by DOT.,.......






e Chemical Reaction
—result in a new substan
—are not easily reversible™

e Chemical reactions involve a change
N te Y.
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H, + 0, § 2H,0
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chemical reactions

e 3 types: .

e Combination

e Decomposition

* Displacement
—single replacement
—double replacement
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Zn + 2HCI A ZnCl, + H,
T BN

? Displacement, Combination
-

> 2H, + O, A 2H,0
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< S

Why s 1agar0|"

» |jlazardous to Life

e carcinogen, teratogen, asphyxiant, sensitizer
e neurotoxin, hemotoxin, nephrotoxin

i » Hazardous to Environment
% . gases, particulates

e oxygen demanding, plant nutrients,
bioaccumulative

e municipal solid waste, hazardous waste

 Hazardous to Property
 NFPA 704 system, DOT hazard classes
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| Miscellaneous Hazardous Materials

e Class 9

—elevated temperature materials
—hazardous substance ' I l \

. d N
—marine pollutants

—hazardous waste
e asbestos, castor beans, cotton, sulfur
e lodine - hazardous waste solid, n.o.s.
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In a form intended for sale
through retail agencies for
consumption by individuals °

— The flammability of aerosols is determined
by the criteria in 49 CFR 173.306 as,
“‘using B.O.E.’s Flame Projection Apparatus,
the flame projects greater than 18"
beyond the ignition source”
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 Definition: CHRROZIVE
— A corrosive material means:

—"aliquid or solid that causes
full thickness destruction of
human skin at the site of contact.”

“aliquid that has a severe
corrosion rate on steel or aluminum.”
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— causes full thickness destruction of

skin tissue within an observation period
of :

1 hour after an exposure of 3
minutes or less

14 days after an exposure of 3to60: =



Biohsrrier Thive

Feals ity (0%

Ll g

= I - " -

A

Place one (prepared and refrigerated)
Biobarrier Dis in the top of each vial.
Begin test immediately (no later than
3 minutes).

Addd 500 pl (liquid) or 500 mg (solid) of
o est sample and control chemicals
inte Biobarrier Discs in each of the & vials
and start timers. Caefion: Do Rol eap
the vials during the fes! due fo possible
frresstave build wp,

A5 spon as a reaction is observad in the
Chemical Detection Systen, recand the
detection time.

Remove each Biohareier Disc, cap and
dispose of vials using vour lab protocol
tor proper chemical disposal,






Cu + 4HNO; A Cu(NO,), + 2NO, +
what’s N,O?
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¥+ Asolid waste exhibits the
. characteristic of corrosivity if a
representative sample of the waste Is:

— Aqueous, with a pH

| less than or equal to 2.0,
g/‘;ﬁ) \ or greater than or equal to 12.5
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What I1s pH ?7?

O

N\
\/

 avalue that represents the &

O—)
—

acidity or alkalinity
of an aqueous solution. l
\_/

N/

7
N

 the negative logarithm of the
molar hydrogen ion concentration.

 Now, WHAT did you say ?...
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What's a Mole ?

e How do we buy buy eggs ?
e By the dozen

e How do we buy rice ?

By the pound m
e Mole:

— aconvenient way of measuring atoms
— equals Avogadro’s # of molecules or atoms

— equals molecular weight or atomic weight
e expressed in grams

Copyright © DanKeenan & MariaDuazo 1999



» logarithmic T|h scale
» Intervals are exponential

» each unit is equivalent to a ten-fold
difference from the unit before it

» a pH 1 1s how many times more
acidic than a pH 3?, a 4?

pH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

H'ions 10° 107 102 10° 10* 10° 10° 107 10° 10° 10™10™ 10% 10" 10™



I

| © pHpaper is the most common

- © Indicator Solutions

© pHmeter
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The pH of Comman Fluids

Fluid pH
Stomach Acid 15
LLemon Juice 2.4
Vinegar 3.0
Orange Juice 3.9
Urine 6.0
Saliva 6.7

Fluid pH
Milk 6.5
Pure water 7.0
Blood 7.4
Bile 8.3
Milk of Magnesia 10.6
Ammonia 11.5
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el

E\W %ﬁ

any material having a specific
activity > .002 microcurie/gram

activity = # of disintegrations per




Radioactive Isotopes

| & . Atoms of the

same element
containing %
a different ‘

number of %

neutrons in
the nucleus



Tahle of Radioactive Isotopes (Continued)

Element A Half-life Radiation (MeV)
279 T340y ae(4.90, 4. 4, El}l Ra-x, %(0.137, 0.20)
*23(4Ta)} 7.54 % 10y of4.68, 4.62) Ra-x, v(0.068)
*23ULUY) 1.0633d B7(0.302, 0.218, 0,138}, Pa-x, (0,025, 0,.084)
*232(Th) 1.405 x 10"y a4.01, 3.95), ¥(0.059)
+234(UX,) 24.10d B (0.199, 0.104), Pa-x, w0.029, 0.063, 0.092,
0.093, 0.113)
Protactinium 228 22h K, al6.11, 6.08, 6,03, 5.80), Th-x, $(0.410, 0.463,
0.265, 0.94 9}
229 1.4d K., (5,67, 5.62, 5.58, 5.54), Th-x
230 17.4d K;{E (0.509), ntfj 34, 533, 531, 5.30), Thex,
D444, 0.455, 0.89%, 0.919, 0. 5'52}
*231({Pa} 3.276 % 10y o(5.06, 5.02, 5.01, 495, 4.73), Acx, (0,027,
0.284, 0.300, 0.303)
232 1.31d B(0.32, 1.19, 1.30), U-x, ¥(0.150, 0.894, 0.969)
233 27.0d 2-(0.257, 0.15, 0.568), U-x, ¥(0.312)
*234mi LT X,) 1.17min B(2.29), IT, U-x, %(0.765, 1.00)
=234 UZ) 6.70h B-(0.68, 0.51, 0. .28), U-x, +w0.131, 0.570)
MNeptuninm 231 48 .8min K. al6.28), v(0.264, 0,348, 0.371), no g+
233 36.2min K, af5.54), U-x, ¥(0.299, 0.312)
234 4.4d4 K, gH{0.8), U-x, v(1.528, 1.559, 1.602)
235 |05y K, af5.02), U-x, (0.026, 0.084)
236 22.5h K, g7(0.537), U-x, (00435, 0.643, 0.688)
116 1,550 % 10y K, A, ¥{0.160)
237 2.140 x 105y {4.79, 4.77), Pa-x, v(0.029, 0.086)
238 2.117d A=(1.24, 0.28, 0.25), W0.984, 1.026, 1.019)
239 2.355d B-(0.437, 0.332, 0.393, 0.713), Pu-x, #0.106,
0.228, 0.278)
240m T.22min B-{2.18, 1.60, I3ﬂ|]I 0.555, 0.597)
240 1.032Zh G-(0.89), y(0.448, 0.566, 0.974)
241 13.9min 3-(1.4), w0.135, 0.175). no a
241 3.4h 2



—Distance

e Inverse square law
—Shielding
e and the "ALARA principle”



Radioactive - Yellow I

‘.‘ e Transport Index

>0 but <1

RADIOACTIVE !

Neptunium. 231
280 C

e Surface readings
>0.5mrem/hr
<50mrem/hr




Poisons - Class

2 Materials,
other than gases,
known to be so toxic to

humans that they afford
a hazard to health during

-
K

W EY==Transhortation




Poisons - Class

= Presumed to be Toxic to Humans

Acute Toxicity (Testing on Lab Animals)

Oral LD50 for liquids < 500 mg/Kg
for solids < 200 mg/kg

Acute dermal LD50 < 1,000 mg/Kg
Acute inhalation LC50 < 10 mg/L

as a dust or mist
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OXxidIze

= 2 Anoxidizer asdefined in 49CFR,
“amaterial that may,
generally by yielding oxygen,
cause or enhance the
combustion of other materials.”

£ Oxidizers as aclass, are reactive
and support combustion through
6 the release of oxygen, heat or both.

OXYGEN

Let’'s take a look at some oxidizers!!!!
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Oxygen
‘Oxy-Salts
Halogens
Oxy-Acids
& Nitric acid
® Chromic acid
® Perchloric acid

M etal Peroxide Salts




In the presenc
of an oxidizer



Grygen
Ouy-sals

Oxy-Acids
& Nitric acid
® Chromic acid
® Perchloric acid

M etal Peroxide Salts




Org anic
Peroxiaes

ainly used as Initiators and
catalysts for plastics manufacturing.

e Their explosive nature and their
character as unstable fuels are
more serious than their hazards as
oxidizers.

e Some are normally unstable
and can undergo violent'chrange:
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W A Recognition Clue

e |f the compound name has,

2 - NypO”
2 “per”
" ote”
2 ite
. % " peroxide’
~= Or peroxy as part of It,

e Treat It as an oxidizer!!



B ¢ Flammable
b Solidsé™
& xDOT Definitions

JFLAMMABL

N
)
. SOLID I_,"

three divisions:

4.1 Flammable Solid
4.2 Spontaneously Combustible
4.3 Dangerous When Wet

DANGEROUS

WHEN aterial
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. & Flammable
 Solids &~

either wetted explosives,
thermally unstable self reactive
" materials, solids that may cause
| fire through friction, or solids that
burn vigorously
above a certain rate of [

Let's look at some properties
of flammable solids!!!



\1/

“Flammable Solids

\1/.
/Y

x Flammable Metals

x - ribbons

x Aluminum - powder

x Cerium - Ingots

x Zirconium - sheets
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\1/ \1/

“Flammable Solids é&™

x Flammable Non-M etals

x sulfur
 ingredient in black powder
e SO, isproduct of combustion

o 3allotropes - white, red, or black
 white - pyrophoric,
stored under water
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*Pyrophor]

— Ignite spontaneously within
5 minutes after coming in
contact with air

— Diethyl Zinc, White Phosphorous,

Copyright © DanKeenan & MariaDuazo 1999

Potassium Sulfide, Pentaborane



Dangerous when We

— A material that, by contact with water,
IS llable to become spontaneously flammable
or to give off flammable or toxic gas

DANGEROUS

(s(j) reacts violently with water WHEN
( /I }7) | | | .
///// 7/ —forms potentially explosive mixtures with water

///






lammable liquids

Flammable Liquid - flashpoint < 141°F
Combustible Liquid - flashpoint > 141°F

Let’s look at
some properties
e EUEEL of flammable FLAMMABLE
& combustible

liquids!!!




gasoline vﬂpﬁ ar g:asﬂlm mpgl_rls t:m
loo lean to bum - e anou
R, ﬁhmmf ﬁum support combustion
1o flash i lgnited I gpited
e Flash Polnt Fire Point
Below Flash Point (liquid at -45°F) (liquld at -40°F)

(iquid at -50°F)







1. Viscosity

Wiscosity is a funcion of one of & Fings.
1. Carbon chasn ength (sepamabes rom walar
walh B dhatince inaj
1 b 10 carbonsg - wisoosiy 1
11 o 18 carbgns - wisoogsty 2
20 o 25 carbons - viscosity J
29 carhDns - viGCOEity 4
Cing funclional geoup on @ long-=chain organic
will chirage the wiscosity, causiteg the lguid to
[EeEaTTHE MRS VESCOUE

2. Mulligle functicnal growps (dissoise in walark
The greades e number of functional groups,
T2 HONS WSCOUE the mmaba sl

3. The mabtanal is partly podpmenasd [Cundkss
O [BECOMTIES. STy in waaber]

&, The matedal is a gel (rerrains enchesged in
WAAET, IEy EppeRar o dessopaar or hang n
waaber, Feeither oalirg nor sinkineg).

5, A& solid o wiscoes lguid s dissoheed im bgued
| Separates inho varous comporeents in watar)

8. Glasses, vsualy slicaies, BOT organic

2. Smolce Colars
Lo ()
e
rizien ey Ao
- /[ - =
o, Errake s’
e el (&
Aerens oy o *q.=|.h-
L i — Ve mneae
Mariee Cansmes = iy
T e paels ':""'”""m""
b s O
e
[T 25 T
1 Pt ELERE
3. Flame Colors
Fithas Y ol n’-'_\-_-
m—f"_"“-r- e w1 -
'“*--m'—-—-"l'lll| " Baunem
Cormbusiibdity e
s L T X
e Flarme Color it
Sl
Iramll P
[ ey o] ——
Ramr = sl s
Halagmraked  Dder bomee
Nedwcaten & L
Mt e e
Ether o Fywnans Sarsm

Warning: Consider any flashing of the liquid,
sustsined or nok, as an indicator that the Tguid
has a flash point under 100 F.

Hazprmious washs with & Flash Poin Below 140 F i@ condidersd bo be

Theare are bavs man methods lor delesminicsg lash poind -
Chpeeam @nall Choseed cup. The rresihod Balow 8 nol Scsed anough b
astablish & lagal classibcatsion of Flammable andior Combustibe, but il
will gree you a felkd estmation ol ow Tammable T malanad B Thaes
astmales are givan for nheprating the HarCa charns only.

Flacs a pudcla e siee of a 50
cant pace o the saich disn
Sloety mosa @ W mahch (ehamineg
il-l:l11.2u1-d-.lm | losmrds tha
watch dish, keaping & leeal with
ﬁmlrhlmldmlnlu
fame betore e malkch reackes
e miige ol T walch dish, or as
b reaches the el (s bEa] will
e Infuenced by lemparalum el
ar mossaTanl), the flash poim is
elow 20 F. Extremely
Flammalkss

Il ihe materal firsl soaks milo
Ihe makch, whee it guickly
micks. and Thees sletdiby

Rash pont is below 70 F,
Frammshis

P e mabanst [leshes
venshs Bhd Bean tha lames
spreacs oeer the whola
Buifacs ol e puddia

e landy, T Hash poind &5
olow S0 F, Flammabdes:

Il the matesal wicks and
e MHW*I’
eeepad owar tha surface of the
biguiid, s Aash poenl s

above1 15 F. Combasiible for
HarCal. bt For salety - Tmoat as
Flarmmable






= What About Em pty
Containers?

« Adopted CA standards reguire generator to empty
all the material possible from the container.

Container Management

— Larger than five gallons
« within 1 year - reclaim scrap value or recondition

— Fivegallonsor less

o disposed at appropriate facility, reclaim scrap value or
recondition

— Household containers
» only exempt if empty of all contents



i@ What About Empty
Containers?

The moral of the story is...

— “Empty” containers will contain some
residual hazardous materials which could
cause significant harm if mismanaged.

— The contaminated container regulations do
not classify the containers as non-hazardous
at any stage, they only grant an exemption.
NEVER assume a container iIs

non-hazardous.
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Compressed Gases - Class 2
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§ flammable gas

. & An Ignitable compressed gas; which is
. a) Ignitable when in a mixture of

13% or less by volume In air...

b) has a flammable range of
at least 12%...

<. FLAHHRELE GAS

Let’s look at some properties of
ignitable gases!!!
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O

@What does@
| Air .
C Weigh ©

@®© ! X

Os



By Gases Lighter Than Air

H - Hydrogen
A - Acetylene
H - Helium

A - Ammonia
M - Methane

| - IHluminating Gases
C - Carbon Monoxide
E - Ethylene
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EXPLOSIVES

- e Divison 1.1 - mass expl osion hazard (TNT)

 Division 1.2 - projection hazard but not
" massexplosion hazard (flares, det. cord)

"« Division 1.3 - fire hazard and either minor
blast or minor projection hazard
(liquid-fueled rocket motors)

e Three other less sensitive types.



EXPLOSIVES

* A substance that isdesigned to
function by explosion, or one which
by chemical reaction within itself
Is able to function by explosion

ht © DanKeenan & MariaDuazo 1999



| ow Explosives

* Function by deflagration

o Deflagration
— low reaction rate, slower than the speed of sound
— very rapid autocombustion from the surface inward

. — Initiation by contact of a spark or flame, but may be
by impact or friction
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Blasting Agents

« Most common agentisa
fuel-oxidizer system:

ammonium nitrate and fuel oil
a.k.a. ANFO.

* Not considered a high explosive,
but can detonate under fire conditions.
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High Explosives

 Function by detonation

| i
o
A
R
e — PR B s
. i7, | e
- ) [y < Pl

e Detonation

- high reaction rate - faster than the speed of sound
- amost instant decomposition of a high explosive

- may beinitiated by mechanical impact,
e friction or heat

- accompanied by high pressure and

temperature waves




tinitrotoluent






